We report the case of a 34-year-old man with a total brachial plexus injury that was treated by free functional muscle transplantation to restore simultaneously elbow flexion and finger extension. The muscle had a very large muscle belly (12 cm width), which was considered anatomically to be a fusion of the gracilis and the adductor longus muscles. Although the muscle possessed two major vascular pedicles with almost equal diameters, only the proximal vascular pedicle was anastomosed to the recipient vessels during the transplantation surgery, resulting in partial necrosis of the muscle. Several authors have reported on the successful simultaneous transplantation of the gracilis and adductor longus muscles, because they are supplied generally by a single common vascular pedicle. However, the present study suggests that when a surgeon encounters an aberrant femoral adductor with a very large muscle belly that can be considered to be a fusion of these muscles, the surgeon should assess intraoperatively the vascularity of the muscle using Doppler sonography, indocyanine green fluorescence injection, or other techniques.
Text

Background
The gracilis muscle has been used often for free functional muscle transplantation (FFMT) because of its long tendinous portion, its reliable vascularity with anatomical consistency, and the location of the nutrient vessels and innervating nerve in the terminal portion. We report the case of a patient with an aberrant muscle that was considered to be a fusion of the gracilis and adductor longus muscles. There are few reports of anomalies of the gracilis muscle [1] . To our knowledge, this is the first reported case of this type of anomaly, which we term an "adductor-gracilis muscle".
Case presentation
A 34-year-old man sustained multiple injuries including a total left brachial plexus injury (BPI) in a motorcycle accident. He was referred to us about five months after the injury for the treatment of a total palsy of his left brachial plexus and left accessory nerve. Six and a half months after the injury, his left brachial plexus was explored and its somatosensory evoked action potentials were studied. No response to stimulation of the cervical fifth (C5), C6, and C7 nerve roots was found, but there was a response to medial cord stimulation. Although Tinel's sign was noted in the front axillary area at the time of exploration, functional recovery of the ulnar nerve was unlikely. We thus used the ulnar nerve vascularized by the superior collateral vessels as an interposition graft to connect the affected median nerve to the contralateral C7 nerve root (CC7 transfer [2] ). For the restoration of elbow extension, the proximal ulnar nerve stump was connected to a branch of the radial nerve innervating the long head of the triceps brachii muscle. For the restoration of shoulder abduction, the median nerve with the medial cord contribution was connected to the axillary nerve.
The patient's left elbow joint developed severe contracture because of heterotopic ossification, so three months after the nerve transfers, the patient received surgical resection of the ectopic bone and mobilization of his left elbow. The passive range of elbow motion was 120°in flexion and -20°in extension after a one-year rehabilitation exercise program.
Two years after the nerve transfers, X-ray examination showed that his left shoulder was not subluxated. He had obtained left shoulder abduction and elbow extension to the M2 level of the Medical Research Council scale. At this point, we planned to restore his elbow flexion and prehension using a double free muscle transfer (Doi's procedure [3] ). For the first step of Doi's technique, we identified a muscle with a very large muscle belly in the medial thigh, where the gracilis and adductor longus muscles should be located. The width of this large muscle was 12 cm, whereas that of the normal gracilis muscle is about 3.5 cm [4, 5] . The deep femoral artery was exposed by retracting the large muscle medially ( Figure 1 ). Based on this anatomical situation, we considered it probable that the very large muscle represented a fusion of the gracilis and adductor longus muscles ( Figure 2 ).
There were two significant arteries nourishing the muscle. The proximal artery originating from the medial circumflex femoral artery entered the muscle at the center of the muscle belly, 6 cm caudal to the pubic tubercle. The distal artery, which was considered to arise from the superficial femoral artery, joined the muscle, 18 cm caudal to the tubercle. The diameters of both arteries were almost the same (about 2 mm). A branch of the obturator nerve, which looked anatomically normal, innervated the muscle. We wondered if the proximal vascular pedicle alone would be able to nourish the entire volume of this large muscle, but we were also concerned that anastomoses of both vascular pedicles at the recipient site would affect excursion of the muscle. Because several authors [6, 7] have described the successful simultaneous transfer of the gracilis and adductor longus muscles with a common vascular pedicle, the distal vascular pedicle was ligated and the proximal pedicle was sutured to the left thoracoacromial vessels (one artery and one vein). Because of the persistent total paralysis of the patient's left spinal accessory nerve, the muscle was innervated by a part of the vascularized ulnar nerve that had been transplanted in the previous CC7 transfer [8] . A monitor flap could not be attached to the muscle because using Doppler sonography we could not identify septocutaneous or intramuscular perforators from the nutrient vessels to the skin overlaying the muscle. The vascularity of the transplanted muscle was monitored by Doppler sonography and a visual check of the color of the muscle belly through a small skin window created over the muscle at the recipient site.
Two weeks after the surgery, a significant exudate was found in the wound. The wound was opened extensively in the operating theatre. Although the muscle color seen through the skin window was good and the sound of arterial blood flow was clearly audible with Doppler sonography, the lateral one-third of the muscle exhibited ischemic changes (Figure 3) . The wound was infected by Figure 1 Intraoperative view of the medial thigh. The aberrant muscle with a very large muscle berry (AM) was found in the medial thigh. The adductor longus muscle was not identified. The deep femoral artery was exposed by retracting the gigantic muscle medially. White arrow indicates the proximal vascular pedicle and black indicates the obturator nerve. Figure 2 Harvested aberrant muscle. The harvested aberrant muscle considered to be a fusion of the gracilis and the adductor longus muscles was shown. The size of the muscle is smaller than that in situ because of loss of the muscular tension.
Staphylococcus epidermidis, which was treated with a course of antibiotics. We debrided the ischemic part of the transplanted muscle, from which no bleeding was observed. The skin defect in front of the shoulder region was covered by a pedicled muscle flap from the pectoralis major muscle (clavicular portion) and a lateral thoracic flap.
Eight months after the FFMT, because the sternal portion of the pectoralis major muscle had contracted significantly, the muscle was attached to the side of the surviving portion of the previously transplanted muscle to augment the strength of the muscle. Ten months after the first FFMT, a second FFMT [3] was performed for the restoration of finger flexion, using the left gracilis muscle, which was anatomically normal. The recipient vessels were the thoracodorsal artery and its corresponding vein. The recipient motor nerves were the fifth and sixth intercostal nerves. At the latest follow up, two years after the second FFMT, the patient has obtained M4 level motor function in his left elbow flexion and can use his hand with a hook grip.
Discussion
Few anatomical anomalies of the gracilis muscle have been reported [1] . As far as we know, this is the first report of a muscle that can be considered to be a fusion of the adductor longus and gracilis muscles.
The gracilis muscle is classified as a Mathes-Nahai type II muscle [9] and is nourished by one dominant vascular pedicle and 1-4 minor pedicles [4, 10] . There are intramuscular vascular anastomoses between the dominant pedicle and its adjacent minor pedicles [10] . The dominant pedicle of the gracilis muscle is usually located about 10 cm caudal to the pubic tubercle [4, 5, 10] , and the entire gracilis muscle is nourished by this dominant pedicle alone [9, 11] . The vascular and neural pedicles are long enough to allow muscle excursion, so the gracilis muscle is used frequently as a source for FFMT to treat facial nerve palsy [11] , BPI [3] , and Volkmann's ischemic contracture [6] .
Chuang et al. [6] reported a patient with Volkmann's ischemic contracture who was treated with simultaneous transplantation of the gracilis and adductor longus muscles, with the anastomosis of a nutrient artery common to both muscles, to restore finger extension and flexion. Sananpanich et al. [7] studied the vascular anatomy of the gracilis and adductor longus muscles in cadaveric specimens, and found that in 98% of cadaveric specimens both muscles were nourished by a single common vascular pedicle. These studies indicate that simultaneous transplantation of the gracilis and adductor longus muscles can be performed successfully with a single anastomosis of the proximal vascular pedicle.
Our case suggested that anastomosis of only the proximal vascular pedicle might be insufficient to nourish the adductor-gracilis muscle, which looked like a fusion of the gracilis and adductor longus muscles. The muscle possessed two arteries, which were almost the same size, both of which may have contributed to nourishing the whole large muscle. The most likely explanation appears to be that the aberrant muscle in this patient might have had an intramuscular vascular anomaly, and that the lateral third might have been nourished only by the distal artery without intramuscular communication with the proximal artery.
When the surgeon encounters a very large muscle with this type of anomaly, we recommend that the surgeon assess the vascularity of the muscle before transplantation, using Doppler sonography, indocyanine green fluorescence video angiography [12] , or other techniques. When an anomalous intramuscular vascularity is suspected, an alternative FFMT should be considered using the rectus femoris, latissimus dorsi, or other muscles. Figure 3 Appearance of the transplanted muscle two weeks after the first FFMT. Two weeks after the first FFMT, the wound was opened extensively in the operating theatre to irrigate the wound and check the entire muscle. The lateral one third of the transplanted muscle (right side of a white dot line) was found pale and fibrous, which meant the arterial insufficiency.
